Methods
Environmental impacts of wheat and oat cultivation were evaluated in terms of GHG production. GHG emissions were expressed in CO 2e when CO 2e = 1x CO 2 + 23x CH 4 + 298x N 2 O. The SIMA Pro software and the Ecoinvent database were used to calculate CO 2e emissions. The life cycle of chosen crops were modelled in accordance with the standards ČSN EN ISO 14040 and ČSN EN ISO 14044. The impact category "Climate change" was assessed within the simplified LCA method. The method focused on the agricultural phase of oat and wheat cultivation in the conventional and organic farming systems. The inputs and outputs were referenced to the unit of one hectare and the resulting value was converted to a functional unit of 1 kg of oats. The outcome was the yield per hectare and the input included technology operations, amount of seeds, fertilizers and plant protection products. The calculation also takes field emissions into account. The input data coming from the Ecoinvent database were adjusted in accordance with the principles of farming in Central Europe. The most common agrotechnical practices were used for conventional and organic farming, and the chains of operations included in the calculation of GHG emissions in the agricultural phase of growing oats were determined according to the data obtained from a sample of 60 conventional and organic farms from the Czech Republic. Furthermore, yields and farm gate prices of wheat and oat during the period from 2007 to 2014 were found within the conventional and organic farming systems. The data acquired from the farms were adjusted in accordance with Standards of agricultural production technologies by Kavka [13, 14] . The standards from 2006 were used when analyzing the period of 2007 -2010, and standards from 2012 were used for the period of 2011 -2014, to calculate the cost of oat and wheat cultivation. The "Standard" standard was used for the calculations. Additionally, all technological and variable costs, fixed costs and insurance against natural disasters were included into the calculations.
Results
The impact of the selection of a management system on the environment has not been sufficiently quantified so far for the conditions of the Czech Republic. In respect to air and climate changes, quantification of the load arisen in connection with various farming activities has been missing. Although the primary motivating factor for farmers has remained the economic efficiency, many organic farmers have also been giving increasing weight to the environmental impacts, so the quantification of the differences between a conventional and ecological system in the conditions of the Czech Republic is becoming more important for them.
In terms of the GHG emissions, there are significant differences between oat and wheat production within the conventional and organic farming systems. 0.078 kg CO 2 e / kg of wheat using conventional farming practices and 0.132 kg CO 2 e / kg of wheat using organic farming methods, and 0.045 kg CO 2 e / kg of oats using the conventional system and 0.116 kg CO 2 e / kg using the organic system is produced in the agrotechnical operation phase (table 1, figure 1, 2, 3 ). Higher GHG emissions produced in the agrotechnical phase of the organic farming system mainly arise from lower yields and greater need for agrotechnical inputs related with non-chemical plant protection. Fertilization is the major source of GHG emissions. When organic farming, 0.069 kg CO 2 e / kg of wheat and 0.036 kg CO 2 e / kg of oat was produced. Conversely, the values produced by conventional farming tend to be higher, h.e. 0,221 kg CO 2 e / kg of wheat and 0,167 kg CO 2 e / kg of oat. The difference is mainly caused by the application of synthetic fertilizers, especially nitrogen fertilizers used in conventional farming. Also, a modest increase in GHG emissions occurs after the application of pesticides when 0.002 kg CO 2 e / kg of oat grains and 0.001 kg CO 2 e / kg of wheat grains are produced. Pesticides are not used within the organic farming system. Therefore, the emission load of this phase is negligible but, from the environmental point of view, the problems rather result from pesticide residues, their impacts on biodiversity, etc. A relatively low emission load is produced in the seed phase when 0.023 kg CO 2e / kg of wheat grains and 0.018 kg CO 2e / kg of oat grains are produced using the conventional system whereas 0.035 kg CO 2e / kg of wheat grains and 0.027 kg CO 2e / kg of oat grains is produced using the organic system. A significant amount of GHG emissions are produced in the field phase. Some of the main factors are the difference in the yields and the amount and type of the fertilizers used in the conventional and organic farming systems. During cultivation of wheat, 0.137 kg CO 2 e / kg of grains is stored using conventional methods compared to 0.187 kg CO 2 e / kg of grains using organic methods. With oat, it was 0.127 kg CO 2 e / kg of grains using conventional methods and 0.123 kg CO 2 e / kg of grains using organic farming methods. Total emissions resulting from the conventional farming are higher in the production of wheat (0.460 kg CO 2 e / kg of grains vs. 0.423 kg CO2e / kg of grains released within the organic system), as well as oat production (0.358 kg CO 2 e / kg of grains vs. 0.303 kg CO 2 e/ kg of grains produced within the organic system). Therefore, the emission load of the organic farming system is lower by 8.04 % within the wheat production and 15.46 % within the oat cultivation. Many significant differences occur when comparing the economic aspects of cultivation of oat and wheat across farming systems. The resulting economic balance is heavily dependent on the hectare yield of grains. In the period of 2007 -2014, the hectare yield of oat grains was 2638 kg / ha using organic farming methods and 3638 kg / ha using conventional farming methods. The hectare yield of wheat grains was 3325 kg / ha using organic farming methods and 6050 kg / ha using conventional farming methods. In the conventional system, the achieved hectare yield was higher by 28% for oats and 45% for wheat as compared with the organic system. As it is evident from Figures 4, 5, 6 and 7, the highest oat yield per hectare was 3800 kg / ha for conventional farming and 3200 kg / ha for organic farming. The highest wheat yield per hectare was 6800 kg / ha for conventional farming and 3700 kg / ha for organic farming. However, the lowest oat yield per hectare was 3100 kg / ha when using conventional farming methods and 2000 kg / ha when using the organic system, and the lowest wheat yield per hectare was 5000 kg / ha when using the conventional system and 2500 kg / ha when using the organic system. Also, the farm gate prices of the raw materials (grain) are a significant parameter and highly variable. During the period considered, the average farm gate prices were: 5448 CZK (ca. 198 EUR) / t of grain for organic wheat, 4274 CZK (ca. 155 EUR) / t of grain for conventionally grown wheat, 4116 CZK (ca. 150 EUR) / t of grain for organic oat and 3231 CZK (ca. 118 EUR) / t of grain for conventionally grown oat. Farm gate prices for each year of the period is shown in Figure 4 , 5, 6 and 7. The average farm gate prices of conventionally grown wheat and oat were both lower by 21.5% compared to the organic farming system.
The third important factor in the economic evaluation of growing crops is the total cost of production of 1 t of grain (CZK / t of production). When comparing the organic and conventional systems, the costs are generally higher within the organic farming system. The average cost was 7173 CZK (ca. 261 EUR) / t of grain with organic oat, 5920 CZK (ca. 215 EUR) / t with conventionally grown oat, 5661 CZK (ca. 206 EUR) / t with organic wheat and 4389 CZK (ca. 160 EUR) / t with conventionally grown wheat. Within the organic system, the total costs were higher by 17.5% Figure 4 . Yields, purchase prices and costs of oat production using conventional farming practices. with oat and by 22.5% with wheat in comparison with the conventional system.
As Figures 4, 5, 6 , and 7 show, the total cost of production of 1 t of oats and wheat exceed the farm gate price and hence the profitability is achieved after counting subsidies within both farming systems. Basic subsidies, i.e. the SAPS (Single Area Payments) for the conventional and organic farming, as well as the subsidies for organic farming (arable land) granted through the Rural Development Programme are included in Table no. 2. Adding the subsidies, growing wheat seems to be the most profitable in the organic farming system (profit 7,894.4 CZK (ca. 287 EUR) / ha), as well as in the conventional farming system (3832.5 CZK (ca. 139 EUR) / ha). Conversely, growing oats appears to be economically inefficient because the positive result is achieved only within the organic farming system (538.26 CZK (ca. 20 EUR) / ha) whereas it is unprofitable within the conventional farming system (-5254.33 CZK (ca. -191 EUR) / ha). In practice, the results may be affected by other factors, e.g. gaining additional subsidies (e.g. the LFA -Subsidies for areas with natural or other specific constraints -which might be useful for growing at higher altitudes).
Discussion
Wheat, one of the most important food crops, and oats, a less demanding cereal typical for the organic farming, were chosen to assess the possibility of reducing GHG emissions in crop production. GajdoŠová & Šturdík [15] also describe the importance of wheat and the worldwide increase in its cultivation. Zimolka [16] states that, in terms of sown area, wheat is the dominant crop in the Czech Republic. Oats, a 'low input' cereal typical for organic farming is also described by Šarapatka & Urban [17] .
A choice of the farming system as a factor influencing GHG emissions is referred to by Barton et al. [18] who state that production of GHG emissions is influenced, in addition to other factors, by the production system and its regional specifics. Also, Küstermann and Hülsbergen [19] state that organic farming systems produce less N 2 O and CO 2 emissions generally due to lower inputs. A similar conclusion had been previously reached by Haas et al. [20] , as well as Bos et al. [21] . Daxbeck et al. [22] claim that the conventional farming system produces a higher emission load than the organic one. A lower emission load (by about 8.04 % for wheat and 15.46 % for oat) was calculated based on a production unit. Brandt & Svendsen [23] also describe a positive impact of organic farming and state that the difference between the organic and conventional farming is very significant if emission reductions are related to the area unit. The difference is partially reduced when calculated per a production unit. Nemecek et al. [24] comes to the same conclusion and states that environmental savings per unit area are roughly double when compared with the calculation per unit of production. The total emission load resulting from the cultivation of wheat (0.460 kg CO 2 e / kg of grain in the conventional system and 0.423 kg CO 2 e / kg of grain in the organic system) is lower than stated by e.g. CarlssonKanyama and Gonzalez [25] who reported 0.63 kg CO 2 e / kg of grain using the conventional system. On the contrary, Dorninger and Freyer [26] describe lower values, 0.361 CO 2 e / kg of wheat grain produced using the conventional system and 0.132 CO 2 e / kg of grain produced using the organic system. Differences between results are mainly due to differences in yields.
In the cultivation of oat and wheat, the largest emission savings occur in the phase of fertilization in the organic system. Smith et al. [27] states that changes in fertilization, i.e. a certain degree of extensification and a proper use of organic fertilizers, may lead to CO 2 e emission reductions, which is consistent with the statement of Johnson et al. [28] who also affirm that the proper N management can reduce N 2 O emissions, while similar conclusions were reported by Dalal et al. [29] , Robertson and Grace [30] and Monteny et al. [31] . In addition, Tokuda and Hayatsu [32] , Mori et al. [33] and Zou et al. [34] state that with the increasing use of chemical fertilizers and manure, a share of N 2 O emitted from soil also usually increases (i.e. field Table 2 . Profitability of wheat and oat production in organic and conventional farming.
Crop
Costs emissions). The phase of field emission is, along with the phase of fertilization, one of the most significant sources of GHG emissions and therefore changes in fertilization and a proper use of organic fertilizers may be effective measures towards the mitigation of GHG emissions in crop production, while the transition from conventional to organic farming system is also beneficial. In agricultural practice, farmers often place emphasis primarily on the economic efficiency of operations. It results from a combination of factors: income, costs and farm gate price. Seufert et al. [35] state that cereal yields from the organic farming system are typically lower than in the conventional one. This is in accordance with the lower yields, by 28% for oats and 45% for wheat, detected within the organic farming system in contrast to the conventional farming system. Šarapatka & Urban [17] state that the organic cereal yields reach about 1/2 values compared to the conventional farming in the Czech Republic. In Europe, the organic yields are on average 80% of conventional yields [36] . A difference in yields between the conventional and organic production is also described by De Backer et al. [37] and is evident from the example of leek production from conventional farming systems that reach 27% higher yields as contrasted to the organic farming system. Also Mondelaers et al. [38] report that yields of organic farms are on average 17% lower than in the conventional farming system. In contrast, Pimentel et al. [39] state that the organic production of some highly productive plants, such as maize, may achieve yields comparable with the conventional systems.
Neuerburg and Padel [40] argue that direct sale is important to organic farming because it may provide sales for a higher price. However, in practice, farmers are sometimes forced to cut the farm gate prices due to the general overproduction and high overall yields. High wheat production in the Czech Republic and neighbouring countries also leads to a high offer on the market, which has a negative impact on the general decline in farm gate prices [41] . Low farm gate prices and price fluctuation throughout the year consequently affect the overall economic efficiency of crops [42] . Generally, higher farm gate prices are more typical for organic production compared to the conventional production [43] . This is consistent with the findings when the farm gate prices of oat and wheat were by 21.5% higher for organically grown crops during the monitored period.
Costs per the production unit were higher, as well, 17.5% for oats and 22.5% for wheat compared to the conventional farming system. Higher production costs associated with the organic system are mainly due to low yields compared to the conventional system, and this may reach up to 40% depending on the season [44] . Also, Konvalina et al. [45] point out that the cost per the production unit for organic farming are higher by 10 -30 %, which is consistent with the results.
Organic farming system in the Czech Republic appears to be more economically efficient in the production of both wheat and oats, however, the factors influencing profitability are highly variable and change annually. From an environmental point of view, the positive impact of the organic farming system was supported due to lower GHG emissions when growing both crops. Most organic farming in the Czech Republic has a form of cattle breeding without market production of milk on permanent grasslands, and in a number of cases this activity is economically unsustainable and fully dependent on subsidies. It follows from the results that the development of farming on arable land, where the site conditions allow, and growing certain cereals, in particular, may strengthen the economic selfsufficiency of organic farmers in the conditions of the Czech Republic and contribute to a reduction of GHG emissions. They may also be reduced by the farmers using conventional farming procedures, particularly through a reduced application of synthetic nitrogen fertilizers and their partial replacement by alternatives, e.g. in the form of organic fertilizers or precise dosing.
